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Abstract 
The traffic represents a fundamental parameter used in the analysis and design of pavement structures. In order to simplify 
the characterization of the traffic variable for pavement structural analysis and design, the vehicle axles are converted to a 
number of 80 kN Equivalent Single Axle Loads (ESALs) through the Load Equivalency Factors (LEF). A Truck Factor 
represents the ESALs applications per commercial vehicle. This study determined the Truck Factors for commercial vehicles 
operating in Colombia. The high Truck Factor values found in this investigation could be used to explain the current critical 
condition of Colombian road infrastructure 
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1. Introduction 
The Colombian state in its vision to strengthen the maximum economic growth, has been making important 
trade agreements with nations around world since 1969, such as: the Andean Pact nations, the Group of Three (G-
3), agreements with the World Trade Organization (WTO), Agreement CAN-Mercosur, and recently the Free 
Trade Agreement (FTA) with the United States. These agreements have potentiated the freight that moves on the 
roads of the country, which has resulted in a gradual but significant increase in the magnitude and frequency of 
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the loads transmitted by commercial vehicles to pavement structures, which has accelerated the deterioration of 
roads.  
 
International experts have undergone studies to evaluate the damage caused to the pavement from traffic loads 
through different axle configurations and trucks. Salama et al, 2006 [1] who indicated that rutting on asphalt 
pavements was mainly produced by the tridem axles from vehicles with high levels of load, while the cracks are 
generated mainly by the effect of single and tandem axle with heavy loads, a situation that was corroborated by 
Prozzi et. al, 2007 [2], Chatti et. al, 2008 [3] and Troncoso et. al, 2011 [4]. These studies concluded that tandem 
axles produce the greatest fatigue effects, thus cracking the pavement structures. In this regard Jeongho et al, 
2007 [5] indicated that accelerated pavement deterioration is mainly caused by overweight trucks, a situation that 
according to Wang et al, 2010 [6] is the factor causing longitudinal cracks. On the other hand, Omar et al, 2009 
[7] evaluated the effects of increasing the legal maximum loads of commercial vehicles in the deterioration of 
pavement structures, a situation that has not been studied properly in Colombia. These studies highlight the 
importance of characterizing properly the freight traffic and the definition of accurate damage factors for 
pavement design, involving the progressive effects of increased heavy loads on roads as a result of advances in 
the economy.  
 
2. Objective 
The objective of the present research is to appropriately characterize the traffic condition of the Colombian´s 
highway network, creating a database with reliable and updated information for the purpose of pavement design. 
 
3. Data collection 
In 2011 the Colombian´s National Road Institute – INVIAS initiated a program to characterize the traffic 
condition of the Colombian´s highway network. Thirty-eight (38) mobile weigh stations were positioned on 
different strategic points of the Colombian national road network to characterize the traffic condition of the 
country. Figure 1 illustrates the locations where the mobile weigh stations were positioned.  
 
To ensure the quality of the data, the scales were cautiously calibrated before and after program at the 
Metrology Laboratory Scales Prometálicos SA laboratory, which is accredited by the National Accreditation 
Agency of Colombia (ONAC).  The Metrology Laboratory Scales Prometálicos SA laboratory also provided in-
situ technical support (video cameras, remote display, wireless internet, software SIPVE) during the actual 
measurements. Figure 2 gives an insight of the operational procedure.  
 
The traffic characterization program engaged seventeen out of thirty-two departments and four out of the six 
regions that make up the Colombian territory. The weight stations were monitored 24 hours for seven consecutive 
days, which allowed collection of data for 59,622 heavy commercial vehicles. The database includes the weight 
of all axles for every vehicle tested. The details axle data from these sites would be used to compute the Truck 
Equivalency Factors.  
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Fig. 1. Location of the Mobile Weigh Stations 
 
Fig. 2. Vehicle Scale Set Up 
 
Table 1 presents a summary of the collected data. Table 1 details the No of trucks and empty trucks for each 
Road Section, and defines the department where the Road Sections are located. Table 2 details the configuration 
trucks evaluated, while Table 3 provides information regarding the truck count for the entire Colombian territory. 
One can observe that the trucks with more presence in the country are the C3-S3 and the C2- G with 35.87% and 
34.76% respectively. These vehicles are characteristically used in the mining and construction industries 
respectively. Figure 3 presents the truck distribution for the Colombian territory. 
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Table 1. Data Collected from the Weight Stations 
Trucks Empty Trucks Department Total Trucks Total Empty Trucks % Empty
Cauya - La pintada 3795 97
Medellin - Sta fe de Antioquia 700 313
Tame - Arauca 182 116 Arauca 182 116 64%
Carmen de Bolivar - Zambrano 2196 87
Carreto - Ponedera 1270 228
Magangué - Puerta de Hierro 633 304
Mamonal - Gambote 4211 274
Barbosa - Arcabuco 1744 436
Tunja - Arcabuco 1822 173
Chiquinquirá - Tunja 201 97
Duitama - La palmera 681 93
Otanche - Chiquinquirá 129 56
Sogamoso - El crucero 739 230
Tunja - Páez 141 46
Cerritos - Cauya 375 92
Chinchiná - Manizales 848 363
Barranca de Upía - Monterrey 1895 583 Casanare 1895 583 31%
Mojarras - Higuerones 525 233
Mojarras - Popayan 1752 184
Popayan - Patico 610 199
San Roque - La paz 3072 241 Cesar 3072 241 8%
Zipaquirá - Briceño 3229 1586
Portal - El antojo 986 49
Salitre - Briceño 1502 458
Yacopí - La Palma 46 35
Buenavista - Maicao 1348 342 Guajira 1348 342 25%
Orropihuasi - El vergel 1107 162
San Juan de Villalobos - Pitalito 698 214
Puerto Gaitán - Puerto Lopez 2284 838 Meta 2284 838 37%
Cucuta - Puerto Santander 1077 252
Ocaña - Alto del Pozo 869 125
La Virginia - Apia 986 615 Risaralda 986 615 62%
Sincelejo - Tolú 665 166
Tolu Viejo - Cruz del Viso 1099 122
Ibague - Armenia 3855 161
Honda - Dorada 4993 248
Honda - Mariquita 4975 372
Loboguerrero - Buenaventura 2382 7 Valle 2382 7 0%
59622 10197TO TAL =
Sucre 1764 288 16%
Tolima 13823 781 6%
Huila 1805 376 21%
Norte de Santander 1946 377 19%
Cauca 2887 616 21%
Cundinamarca 5763 2128 37%
Boyacá 5457 1131 21%
Caldas 1223 455 37%
Road Section
Antioquia 4495 410 9%
Bolivar 8310 893 11%
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Table 2. Truck Configuration 
17000 174253B3 48000 49200 2
31000 31175
3R2 44000 45100 2B3 32000 32800
3R3 48000 49200 2R2
27000 27675
3S1 29000 29725 2R3 47000 48175
3S2 48000 49200 2S1
40500 41513
3S3 52000 53300 2S2 32000 32800
4 36000 36900 2S3
33000 33825
4R2 48000 49200 3 28000 28700
4R3 48000 49200 3B1
Mass (Kg)
Max Mass 
(Kg)
2B1 25000 25625 3B2 40000 41000
Code Truck Configuration Mass (Kg)
Max Mass 
(Kg) Code Truck Configuration
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Table 3. Truck Count 
Code No Trucks % Trucks
C3-S3 21384 35.87%
C2-G 20723 34.76%
C3-S2 7787 13.06%
C3 6327 10.61%
C2-S2 2879 4.83%
C4 223 0.37%
C3-R2 89 0.15%
C2-S3 76 0.13%
C2-S1 29 0.05%
C3-S1 29 0.05%
C2-R3 20 0.03%
C2-R2 18 0.03%
C3-R3 16 0.03%
C2-B1 11 0.02%
C3-B2 6 0.01%
C4-R3 2 0.00%
C3-B3 1 0.00%
C4-R2 1 0.00%
C2-B3 1 0.00%
C3-B1 1 0.00%  
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Fig. 3. Truck Distribution for the Colombian Territory 
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4. Truck equivalency factors 
Truck Equivalency Factors were computed independently for each vehicle using the detailed axle data 
provided in the database. Table 4 presents detailed Truck Equivalency Factors for the different vehicles on every 
tested section. 
Table 4. Truck Equivalency Factors for the Colombian´s Highway Network 
C2 C3 C2 - S2 C3 - S2 C3 - S3
San Roque - La Paz 2.81 29.47 2.72 3.77 14.55
Cerritos - Cauya 2.36 8.39 20.43 6.22 5.11
Loboguerrero - Buenaventura 4.15 8.58 2.33 5.6 5.77
Tolu Viejo - Cruz del Viso 2.76 3.97 3.53 4.99 7
Tunja - Arcabuco 3.2 3.29 2.82 6.39 5.96
Orropihuasi - El Vergel 2.69 2.92 4.47 5.66 5.45
Duitama - La Palmera 3.34 2.73 0.91 6.51 6.24
Cucuta - Puerto Santander 3.02 5.18 NA 8.94 2.16
Sincelejo - Tolú 2.84 1.78 6.83 2.37 4.55
Popayan - Patico 2.24 4.02 0.56 5.16 6.06
Medellin - Sta fe de Antioquia 2.05 2.49 7.5 1.45 4.21
Cauya - La Pintada 2.48 2.87 2.63 3.81 5.29
Carreto - Ponedera 2.42 4.3 3.88 2.4 3.58
Mojarras - Popayan 3.49 3.82 1.99 1.79 5.31
Barranca de Upía - Monterrey 3.1 3.43 1.11 4.52 4.14
Ocaña - Alto del Pozo 3.26 3.22 1.82 2.72 5.26
Buenavista - Maicao 1.34 1.36 3.22 3.29 6.36
Barbosa - Arcabuco 1.84 2.86 1.81 4.33 4.18
San Juan de Villalobos - Pitalito 1.77 2.97 1.53 4.91 3.68
Mamonal - Gambote 2.28 2.49 2.35 3.39 4.02
Ibague - Armenia 2.12 3.26 1.29 2.64 5.05
Honda - Dorada 1.47 2.45 2.22 4.02 3.64
Salitre - Briceño 2.88 3.81 NA 4.13 2.41
Puerto Gaitán - Puerto Lopez 0.54 0.65 0.35 6.9 3.79
Honda - Mariquita 1.54 3.14 2.58 1.67 3.18
Mojarras - Higuerones 2.12 2.46 NA 1.85 5.07
Carmen de Bolivar - Zambrano 1.9 2.14 1.85 2.51 3.06
Tunja - Páez 2.51 4.5 NA 4.45 NA
La Virginia - Apia 1.17 2.94 1.42 3.14 2.42
Zipaquirá - Briceño 1.43 2.74 2.03 2.46 2.23
Portal - El Antojo 5.03 5.86 NA NA NA
Sogamoso - El Crucero 2.35 2.02 0.5 2.87 1.69
Magangué - Puerta de Hierro 0.9 1.18 0.79 1.66 1.52
Otanche - Chiquinquirá 3.06 2.53 NA 0.36 NA
Chiquinquirá - Tunja 0.83 1.01 NA 0.83 2.99
Yacopí - La Palma 0.3 4.85 NA NA NA
Tame - Arauca 1.35 1.63 NA 0.52 1.4
Chinchiná - Manizales 1.98 1.4 NA NA NA
TRUCK EQUIVALENCY FACTORS
Road Section
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Table 5 presents the historic Truck Equivalency Factors used to characterize the commercial vehicles that 
operate at the Colombian´s Highway Network. Table 5 presents the Truck Equivalency Factors recommended by 
INVIAS to be taken into account to perform the traffic characterization for pavement design for any given 
Colombian road.  
Table 5. Historic Truck Equivalency Factors for the Colombian´s Highway 
Network [8] 
Mopt - Ingerouute
Universidad del 
Cauca - 1996
C2 - P 1.14
1.4 (Average)
C2 - G 3.44
C3 2.4 3.76
C2 -S1 3.37
C4 3.67 6.73
C3 - S1 2.22
C2 - S2 3.42
C3 - S2 4.67 4.4
C3 - S3 5 4.72
Bus P – 600 P 1.2 (Average) 0.4
Bus P – 900 G 0.1
Double-decker bus  4 Axle 0.05
Code
TRUCK EQUIVALENCY FACTORS
 
The results contained in Table 4 indicate that Truck Equivalency Factors for vehicles such as C2-G, and C3-S2 
present magnitudes within normal ranges expected for this type of vehicles when compared with the values 
presented on Table 5.  
 
However, the Truck Equivalency Factors found for vehicles C3, C2-S2 and C3-S3 significantly exceed the 
historic values established on Table 5 for several tested sections. These results could be used to explain the poor 
condition of the Colombian´s Highway Network, taking into account that the values used at the design stage are 
the ones presented on Table 5.  
 
In other words it is expected according to the results for these Truck Equivalency Factors that the road sections 
described in Table 4 to have a short service life. To remediate this situation, the government usually implements a 
series of short-term maintenance activities that would ensure the quality of the road. However, these decisions are 
not supported by a Pavement Management System, which often leads to overspending, hence misusing public 
resources. 
 
Table 6 provides a useful tool to be used in future traffic characterization for pavement design at the 
Colombian´s Highway Network. The information presented in the table allows one to design pavements using the 
specific traffic condition of a given department, hence reducing the uncertainties at the traffic characterization 
stage. On the other hand, Table 7 presents the overall summary of the Truck Equivalency Factors found in the 
present investigation. 
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Table 6. Truck Equivalency Factors discretized by departments for the Colombian´s Highway 
Network 
Department C2 C3 C2-S2 C3-S2 C3-S3
Antioquia 2.26 2.68 5.06 2.63 4.75
Arauca 1.35 1.63 NA 0.52 1.4
Bolivar 1.88 2.53 2.22 2.49 3.05
Boyacá 2.45 2.71 1.51 3.68 4.21
Caldas 2.17 4.9 20.43 6.22 5.11
Casanare 3.1 3.43 1.11 4.52 4.14
Cauca 2.62 3.43 1.28 2.93 5.48
Cesar 2.81 29.47 2.72 3.77 14.55
Cundinamarca 2.41 4.32 2.03 3.3 2.32
Guajira 1.34 1.36 3.22 3.29 6.36
Huila 2.23 2.95 3 5.29 4.57
Meta 0.54 0.65 0.35 6.9 3.79
N de Santander 3.14 4.2 1.82 5.83 3.71
Risaralda 1.17 2.94 1.42 3.14 2.42
Sucre 2.8 2.87 5.18 3.68 5.78
Tolima 1.71 2.95 2.03 2.78 3.95
Valle 4.15 8.58 2.33 5.6 5.77  
Table 7. Truck Equivalency Factors at the 
National Level 
Code No Trucks Truck Factor
C2 20723 2.29
C3 6327 3.91
C2 - S2 2879 3.05
C3 - S2 7787 3.66
C3 - S3 21384 4.46
TRUCK EQUIVALENCY FACTORS
 
On the other hand, it is important to note that the Truck Equivalency Factors obtained in this investigation for 
the C3 and the C3-S3 are consistent with those found in Egypt [7], where values such as 20.7 and 13.2 have been 
found for these vehicles respectively. One has to point out that the regions (Cesar, Caldas, y Valle) in Colombia 
where these values were found present high activities of both mining and construction industries. 
5. Conclusions 
The investigation presented the results of thirty-eight (38) mobile weigh stations that were positioned on 
different strategic points of the Colombian national road network to characterize the traffic condition of the 
country. This activity engaged seventeen out of thirty-two departments and four out of the six regions that make 
up the Colombian territory. The weight stations were monitored 24 hours for seven consecutive days, which 
allowed collection of data for 59,622 heavy commercial vehicles.  
 
The 99% of the Colombian´s commercial vehicle fleet is composed of truck type C3-S3, C2-G, C3- S2, C3, 
and C2-S2, with a distribution of 36%, 35%, 13%, 11%, and 5 %, respectively, dominated by the C3-S3 and C2-
G. The Truck Equivalency Factors obtained for the truck type C2-G, C2-S2 and C3-S2 present lower magnitudes 
than those recorded historically reported by INVIAS in their published studies for the design of pavements 
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nationwide. The average magnitudes were of 2.29, 3.05 and 3.66 respectively, hence it can be concluded that 
these types of trucks are running without relative destructive loads for national the roads. 
 
However, the Truck Equivalency Factors obtained for the C3 and C3-S3 reveal that these vehicles are 
circulating excessively overloaded on some roads of the country, especially in the department of Cesar. The 
excessive load would definitely cause accelerated deterioration on the pavement structures in terms of fatigue, 
cracks and ruts. 
 
Another important contribution designed by this research focuses on the fact that it is not advisable to use 
national Truck Equivalency Factors for design of pavements, due to the uncertainties at the traffic 
characterization stage, which may lead to accelerated deterioration of the pavement structures, mainly due to 
underestimates or overestimates of Truck Equivalency Factors used in some departments. It is recommended that 
studies be conducted to identify the extent of overloaded C3-S3 trucks in some areas of the country, as well as the 
implementation of severe fines to control such situation.   
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